Abstract
Introduction

57
Circadian rhythmicity is present in various physiological mechanisms of animals. It affects 58 sleeping and feeding patterns (Borbély and Neuhaus, 1978) , as well as body temperature, brain 59 activity and the production of hormones (Albrecht and Eichele, 2013) . These rhythms have an 60 endogenous time period, called free-running period, which lasts about 24 hours, but they can be 61 modified by external environmental factors (Aton et al., 2004) . Daylight is the main zeitgeber or 62 synchronizer of circadian rhythmicity (Kavanau and Ramos, 1975) . Within these rhythms, the 63 circadian rhythm of activity is one of the main adaptations of species to their environment 64 (Daan & Aschoff, 1982) . In predators, interspecific relationships between them and their prey 65 play a fundamental role in the modeling of the activity rhythms (Halle, 2000; Lima, 2002) ,
66
given that most predators must adapt their activity to that of their prey to improve their 67 predatory efficiency (Monterroso et al., 2013) . However, circadian activity rhythms can be 68 modified by the combination of various environmental factors such as light (Pittendrigh, 1993) 69 and temperature (Kolbe et al, 2007; Palkova et al, 1999) .
70
Wild animals living in captivity often suffer disturbances in both their behavior and their 71 activity rhythms (Berger, 2011) . The captive environment may be very different to the wild one.
72
The lack of space and natural stimuli, as well as captive husbandry practices, may hamper the 73 development of the normal behavior of the species. A familiar example is provided by the 74 artificially altered endogenous activity rhythms of carnivores as a result of the way they are fed, 75 namely with dead meat (i.e. they cannot develop hunting behaviors) and on a fixed time 76 schedule during the working hours of the keepers (Shepherdson et al. 1993 ). The difficulties in 77 developing natural behaviors in captivity may lead to a reduction in animal welfare and to an 78 increase in the prevalence of diseases (Munson et al., 2005) and stereotypical behaviors 79 (Carlstead, 1996; Shepherdson et al., 1993) , such as pacing (Clubb and Vickery, 2006) .
80
Preventing these negative effects is always important for ethical reasons, but even more so when 81 the goal of breeding animals in captivity is to reintroduce them into the wild. (Beltrán, 1988;  95 Jilge and Hudson, 2001 ).
96
The Iberian lynx is a semialtricial species whose young are born with poorly developed sensory 97 and locomotor systems (Yerga et al., 2014) . The pattern of circadian activity is not usually 98 present in altricial species at birth (Ibuka, 1984 , Kowalska et al., 2010 . Rhythms typically 99 appear days or weeks after birth, once the cubs leave the den and are exposed to local 100 environmental factors such as the daylight cycle and temperature. Furthermore, mothers can act 101 as synchronizers of the circadian behavioral rhythm of their young (Favreau et al., 2009 ).
102
The aim of this paper is to describe the ontogeny of the circadian activity rhythms in Iberian 103 lynx born as part of the ILCBP from birth to subadult age and to verify if they develop a 104 bimodal circadian pattern similar to the one they will need in the wild.
106
Material and methods
107
The activity of 61 Iberian lynx (36 males and 25 females) born in two specific breeding centers,
108
"El Acebuche" (hereafter EA, 37º03'00'' N 6º33'17'' W) and "La Olivilla" (hereafter LO, 109 38º20'37''N 3º33'33''W), both located in Andalusia, Spain, was studied. 
135
The activity of the cubs was tracked between birth and 7 months of age using a point sampling 
196
During the first five weeks of age, while the cubs remain in the den, they were active around 197 30% of the day (Fig. 1) . Afterwards, between the sixth and the ninth week of life, there was a 198 progressive increase in daily activity from 30% to 50%. And finally, daily activity remained at 199 50% from the ninth week of age to the end of the study (at seven months old).A slight decrease 200 in the amount of activity occurred between weeks 21 and 25 (during the summer, Fig. 1 ).
201
The model that best explained (i.e. had the lowest AICc) the daily activity of the Iberian lynx 202 cubs included age and breeding center as explanatory variables (Table 1 
212
The evolution of the circadian pattern of lynx cubs born in captivity is summarized in Fig. 2 .
213
During the first month of life, the activity of cubs was quite uniform throughout the 24 hour 214 day, varying between 19 ± 3.2% at 20:00h and 39 ± 6.2% at 12:00h. In the second month of life, 215 a bimodal pattern emerged. This coincided with the first time the cubs left the den (at 33 ± 0.3 216 days old, mean ± SE). Activity increased at both dawn and dusk with peaks at 6:00h (58 ± 217 2.4%) and 19:00h (73 ± 2.9%). In the evening, the activity peak was shorter and higher than at 218 dawn, when activity lasted longer but never surpassed 60%. From the third to the seventh month 219 of life, the bimodal activity pattern was fully established. The maximum activity peak at dawn 220 and at dusk exceeded 80% (83 ± 2.2% between 4:00h and 5:00h and 85 ± 1.5% between 18:00h 221 and 19:00h, respectively) and activity at midday was reduced (below 22% from 12:00h to 222 14:00h). less than that of EA cubs for much of the day (from 9:00h to 24:00h; fig. 3c ).
235
Only the activity pattern of mother-reared cubs was compared with the circadian rhythm of non-236 adult wild lynxes (Fig. 3d) , because hand-reared cubs were not intended for reintroduction.
237
Wild animals were more active at night than captive animals (around 60% between 21:00h and 238 1:00h). After that, the activity of the wild lynxes decreased, until it increased again just before 239 the dawn. This peak reached 53% of activity at 6:00h, being much lower than the maximum 240 observed in captive animals. During midday activity remained low in both groups (about 20%).
241
During the dusk, captive animals began to increase their activity earlier than wild animals and 242 they reached a higher maximum value. However, the peak of activity was also observable in newborns has been widely observed in other altricial species (Ibuka, 1984 Daily activity (proportion of daily records where the lynxes were active, mean ± SE)
